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gULUI ^iaJj (^âïl SjbVI 



*» ***** 






1 



4-^jl2H1I 4-JjjJI c_jjL?tI(JI j ajj 4_ijL>oj 3 j-Laiw ^_&LLtl jjj j p j ^ t ^LcLjlJI 3jl_iVI c-J^iw Sàj 



J^ 3 ' CrhiJ^ £-*Lj>^ 3 ji^-L AjL^IÎI 4- Ù^-" û ^-*> ' 



C-<_(_uL>JI *ul_LL£> ^aLj^J ^-JjJuJL CjLjJ C^L^=2 t| CjLj-(-uL-u1 4_ii)JJ 4_OJj JuJl 4-U-2j>Jl 0jL& JjLuJJ 

•Q^ ^ Vit! I Jyl 4-^j^UI CjIjL^JLI C-jL-ul^sl 4.j^j^-i JjLuj ij^_p- Cj1_C j_xJs (j7 jl^X\ C-<JjJuJI j^dIjJL 



IjLujP^JV) *â- 4_l^uL^V| CjIjI^JLI c_jjJuII c_>L_o^I Llj_2^JI oJufc l^Jl^j 



. 4jLSj?tLaj c r <_ t _oL>JI SJ^j^V ^jL-4jl^JI (JL^-cLj aL_2JI c-jjjûJLI 



: àuJjJttt ^itt! f>U>* j^>m ûâjJI 




8 j c-Jj-ûJI j jLpJI (j-^Lf^ 3j^vl : 4_xjLi]| s Jl^jJI 



liai sj^yi 




-cv'i rTfcp 1 1 1 1 ij ni II g -c^'i n 1 1 p 1 1 n 1 1 1 nn In 1 1 n 1 1 




0, 










(j^^l uaiw j <Lc jLSJLl J jLpJI j C-J j-<aJI J Lj j^^dJ I iJL?e-jJI lJîj^aj c_jj JlLII *j ■ gjj <jl 0 

. J-qjlII * 4- ^a>Ua]| Ci!*! ^Lul c_jj JûJLl ^ ^3 <Tm <jî 0 



6 : SJb^l j»U>ï pfcjttl tf>lf 





coljj (jryJ! j_j^= j3 j|j j-.^î J_*aJI <jL^= Ui^ c^o. .Lgjjuij S*L^}U u^LUI j-jj^t .7 

■ 4-JLl 4_<ijjJI j^y-a jL?r" i ii a <_(JjJljj ^CjLj^Ij Sj^j>.^Lî 4_u-uLlU ^-Jjj^Ij JjjjjïeJLÎ (JLtâ s-Lalsj ^Ltàj J ■ 8 

•fj^l J'>^ «di^ 5 ^J- 5 OdLH^ e^L*^ 4^,J>ÎI ^J- 3 -10 

11 

13 




-2- 




JJj— a 4-j>oLlÎI Sjj_Laiw cJj-âjIuj .^jL-cljVI (jr JLc Jj— ^ CjIj L^jLâ L^-al Jjsti 



4— <_u 











♦ 




1.5 -0.06 


1 


4_) >-t-UjLJ V 




3-2 


2 




^Ljj^^JI j ju-^JLl ^j-c ^j^I Vit! 


10-5 


3 






25 -15 


4 






50 -25 


5 


»»*,♦» * ** ♦* 


** 


100 -50 


6 






200 -100 


7 




l A?>\\ 2 \ #>»»î ^j^l^j A,h,iM, j3|j)j.-w 


200 


8 
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^LuJVI ^<u-u_^ 4_ajLli ct-^Ljj £^>^ ^-M^ î cP-H b /' cdL^jVI ^Ij .^Lj^ 



4 L?e {^Luul^Û\ 3JL>. .3 

.4 \n\à\\\ /jL-ajVt 3JL>. .5 
tfa^Jlj 4^ jJI JU-p^ JlL>Jl 4jt-Lilo .6 

I» .7 

£JJ^J J** 0 .9 

L*Jl^ ^Lj^JI ^jL^t^jL^J.ùl^^t L P^^J-2 JÎ JL^J JUj fjî 10000 Jlfjî 1000^ 



i 4 a l 



4-a jLSJL 



DC 

. AC bjp* IjLû .2 
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^-pt^l «ilb o>Lu^ji]tj (jJX ujVI Jj^ .3 



.iljUIl ojlxVIj î.jSlâyi ^HJLt fljLiluil .6 

.( ^^jVL J-u-^jUt ) ^iajjbJt .7 



ç_ 

j_4_s ^jLpJI (Ja^J (jiaj^l jLgjsJI ^ i to » (j-a l£U i u (Jj^sjj ^j-a 
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f bVl £$Lua (frurfjj 



* 




( c~J2îî Ja) f bVl ^jlui^ 






»» » 














^/tj Attj a mI ^^^^ tt a /"-tt ♦ a - 1 




















(jL-tuVI ^-lli-^ a-ajlJLc a-âj^jua ~3 










a a i ,^\\ ,ii^s a tl A ~4 


^ Il II II 
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3 2 1 : iJjUJLl : cjjJuII ^âj 

4 

: 4_«}UÎ1 

ùliU-jjJt p>*^a ^j-a ZI 00 <J->Lsu La : JL>J1 




\ »»»» « 








2 ^/tj^ttj a «M ^^^^ t| a ^ ,~ t( . 1^ ^ _ 2 




















■o.ïffl|) lliiiplllq.o.'inll pilnlll nnlnll niiiiiif |(|ll 
gALUl _>J$iaJj (txtidîl ÏUUJI SjIjVI 








i^ajLSJLl j jLpJI j jl^j>JI (j-^Lf^ (JL^jlL-uI juJLl ^j^=m^ <jl 0 



8 : ^u>v j^ai û^ji 




ii^i ô^>^ i' ^ ( Electric Current ^Lj^^JI jLHL 



.^LùaJLl ^L>oVI Â- ijjL_u_4 4_JL_u 4jj?t_il) ^jLjj^ljj La ^L>ol â— i-C^J_^ i-L?t_iI) ^jLjj^ljj JjIL^3lJV I 



A_ 3_iLjj I 4_JL_oJI <Lbt-jJI A_ I j| 1 Lga S > Lk^ljj dJjHj La (jl ^=a A à— 4_JL_u <Lbs_Ji JLûjjI dJUi J 

- t 1 ** * *» 



I(mA) 
▲ 



{ Direct current >*L4ljUIîl -1 



T(s) 



4-JL-u a| 4j>û^ 4_^_l2j Q 4_&L>ij| vjjljJ Va 4_<^_u2_îl à— CcjLJI }Lu_îl û_& a. ( De) vjO >JL <d IflO 



:Alternating current wjUljLïîl -2 
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tttîttljLttl -3 




(I) jwCjJLj LjJ jwCjj^j j^^-l^^M (J7 _^_<_uJ 3 Jl>. j_3 jLpil ^j-uL2j 
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Electric Voltage 



5»^ 



^1 II" 




3' ••■ 



•m 



_ 



j 



1 



1 



^L^-l^JI JlLc 4 tia * ^ I Jl^Th-o l^g 4.jj_u ! 

jlàLû ^( 0*>J| Jjjji) *U! ^el^uj i3j-^\ Jl^ji 4- Cm...." ^1 OsxaXI Laî B A *LiïM (> 

.( 4JjLLaj) Jl£j>JI j Jbua * 



CxJj-ûJI SJl^^j ^j-uLSjj ( V )jwCjJLj 4J jwCjj^j 4-^d^>J| ^j-^=L^Li (jj^L^aJ^U ^ La au ^aJI AjâLLaJI 

. (Volt) 
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0*>J1 £l^î j^jj : JL^*J» 

: DCjq-„,U j^>JI -1 



> t 



: AC j^pJll Ji^>JI -2 
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Electric Résistance ^b^ftiïu^Lâii 



^1 (jl^I) ^IjlII ÂlLLJI oljg/.^-.lVI (jry^ jL^ J>Lk ^1 jL£UI j^j LuLui 

^JjJo A_ 4-4 ( jLpJI jL-U-fl) J-i^jJLl 4jjL>0 L^J dJJi < Oi2J ^j^auCJJ Sjlj^ 1 /g ^ ♦ a 



( Çl ) jJ Lj LjJ j^aj^j (Ohm) ^j^M s jl^^j 4-<mS (j^Lûj 
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ijiâ Lu iu4$àijl#- 



?-?w-rf u*'^ 



0.00 



t 




z 





^^^^^^^^^^^^^^S^^S^?^^^^^^^^^^^^^^3^^^î^Bpi^^^^V^4tfvHPv 

WOSLl iOBitt — ffit 35t4B^BSBfS?ÎTlBEEE^ H'ilB.^;v -'■•■..■.•■>-. ,: -V",'!:] 



*o ? 




saouia 

YX-360TRD 




: JL^âVl jL^ wU^t^J jUiJt <><LLâ 

jLpJI ^j-uLjS ^jjJu ^JLc j ^-lL^JLj S^j-o-lûj <j! Juj.j IjLc JuJl>o ~ 1 
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. à' 1 S 1 1 ^JJ )LLÎ ^ à L^aJl da-uia ^LuLcj ^jLl^J I da-xjuaj ~3 





0.00 
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jLUI (j-/LtnJ jl^-J J-^t c^W^ jU^i Ihf* 1 * jJja« o- 4 H^ 3 -* ^uk>^ 4- 




(1 -2)J^i 



.jLûJI jlj>j 4_««L2J,! diLoa jl^j>JI SjLjj-i - 1 
.jLlJI J-5j j-^>J1 cjLuj 4^sjL2i 



V=IxR volt 

( A )^VL ^L2j jLUI " I ": ô ï ^ 

(V) cJj^JLj ^LSjj ^Ljj^^JI Jl^>JI " V" 

( 0 ) fJ Vi ôjL^^J ^j-uLûJJ 4-^jL2JLl 4_^_Lâ R 

V = IxR & I = V/R & R = V/I 
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4- L^SJj (^jJI ^ Jâî Miui Jjuj 4_cL_u lJi^ij 4- (^L<-aXI) ^j^JI (J\ \ ^ HjjJ.^ (50) J2Jj 

.4_cL_u 

♦♦(Electric Power )^Uj^I3>j£1I 

^(B) iku! (A) 

„ w 

P = — w 

(J^jj^JI SJl^^j ^LSjj (JjJllXI JjLiJI jj* : W :<j 

(S ) 4_ÙLÎl!Lj ^j-ulJLj (J-^jJI ♦ t 

(W)>*jJLj L^S j^jj (Watt) Ciiyi SjLxjj^LSjj S jjiill ^ : P 



W=IVT....J(w.t) 

w 

= IV 



t 

P=LV Watt 

(K.W.H) IclLm Cil JjU^W ^j^Lj^aJI JJLllJ ^ji^î Cil JLxj cUllA 



jji icL-u cil jlj^-i II jjloi ^jU Lci^. icL_u 100 Sjd cJ^â 110 oJ^>~ 
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W=VX I X t 



R 110 



P=IV=110xl=110W 



W=P.T=1 10x100 
=11000W.H 
=HK.w.H 



cUM^V! cy* =11x10=110 ilU 
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S 4 st-Lgt t^JI jj^ ojLulJI ^Laî ( * )4-4^Lcj 4j?t_ptj(-âJI ojLlsJI ^Laî (^) 4_4^>Lc ^_x^ : 1^ 
Ll^-loJ 4_j jj^t- JjlI 1 ^Llot^^M j^âLuJJ 4 4-xjLj j^^d oLl^-luJ 4-Jjj?cJJlI ^L_cl^^I C-JjLsdiï □ 

( )^Li Lia A-xjLjj^^3 

( ) .4^> jLUI _>ljJJ juu^Ltit *^ l^jIj^Lj ^Ljj^dJI jLUI ^LSj □ 



L^^Ij^^^JI j^^L ULi i^L^ 100 sjdeJ^ 110 
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f bVl £$LàA (»u2j £J>«j 



* 




( *bVl c<JLSjÎ Ja) f bVl jjjImu» 


j~<^> LulJI 




»» » 


































a mI » tl a ajI StJ „l .A 
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3 2 1 : 3JjL>Jtl : cjjJuII ^âj 

4 

: 4_«}L*J1 

ùl>U*jjJI £j-*seja qjH XoO J-iL*.) Ls : ^yj-iVl Ju>J( 




\ »»»» « 




















cjLJI ijLij ill^î ijLxl -5 
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-cv'i rTfcp 1 1 1 1 ij ni II g -c^'i n 1 1 p 1 1 n 1 1 1 nn In 1 1 n 1 1 





•^=* Ah LSj'j^'j Lr^' J^J 3 4" ^=-M C-Jjjlll o-o-^J <jî . 1 

.Sj^t jJt g^àî 4_ -v^Jlj ^IjLlIII mj^' ùî -2 

îj^I jJI £j-âî £-^->- 4_JL^=JI j _ij_^>JI j CljljLpJI uLa> c-JjJlUI ^-j-LG < uj <jî .3 



6 : yjjjfll £4*111 tfjll 
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t( Séries )^!>tî! <Jk ÛUjtfilJ^j .1 



RT 




*3 



Rx = R 1 +R2+R3 . . • Rn 



: (Parallel) g}!iïl! ^ ÛUjtfil J^p -2 



T 



i 



R= 























i — 1 4 

R, 






ï Vj 





I = Ii + h •• ù! tfï 

1111 

+ — + — + — 



R { R 2 R 3 R n 
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. J*^— loJI j 1 o ^— ^ Jl^j>JI jju-^a 4-4 JljuLj ^.JllÎLj ciJLîij < . ( A 

j-pl A-JL^=JI i^jLllI l-jLlloJ 

(RT1) uail ^1 jitl ^ylc ( R^Rz^R^) oajLsH ^-g^ ~ 1 
(RT2) £j uai] ^ji jiîl (JT i^. (R2) (RT1 ) 4-4jLsil ~2 

.3j^l jJLî 4-JL^=JI (JT JLi J uaj^lJ ^1 jlîl (JT 1^. (Rj) (RT2) i^jLllI ^-<^>o ~3 



4_^jL>JI cjIjLuJI ^ajse^ ^ jL-lij Sjlû^. J ! SlSJ jJI oljLpJI ^j^j?t^3 <j! (JT ic ^ / j 




Il= I 2 + I3+I4 

Ii - 1 2 - 13- 1 4 = 0 



Ij-Ilô tijU-J Jjlix jL-o^s t£Î l£>-R^' f>*^' ÙÎ ct^ 

V=V!+V 2 +V 3 



V-V r V 2 -V 3 =0 
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. ( W ) CjI^JI ^ BjJlûJI SJLxjj 

: (^jL-uj SjJl2JI 



P = I x V 



P = I x R 



P = V / R 
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CAPACITOR 



ES 





<1ÀJ l**llï 



L^jjJLÎ 1 ^ j Lxj c_jjL>ij 3 jjà ^-ujJj (c-xJL-u j^ïj j-^ <--cLa-â) (jOJj^-ujJI L^M^^t (jLâ jl^j>JI j { * ^ * J ^-j 
4_jJo £pu jl^j>JI (3j-â (j-^Li^ ù-^ 3 g W ù-^ ^'-V^J (JjL«-!l da-i-ujJI ^j-^jJ L^JL2jjI ^Cu (J-^aj 

CJ ).lujJu 4jj?c-càiJ 4-uJ )-r.r.LLÎl 4 * al S g 1 1 là aj >i 1 , I 4.-^_lûJI Tg-^-uJ a 4 4jjj >.ujjJI <Lo aLàU 4.-^_lSJ ULlLs pXS\ ù JlC 



■&\ 
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:J3Wld^5iJULà6ÛliûU*Sai .3 



oVL^jlL-uI ^jJJI IjijJj J^jjJI ^Lûjlg (jjs Vju clLû-t-o^i-JI 3^La 4 j Mif î j-jVl ^Jufc ^Jii 
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^jJjl^Iu CLxJjJLj ^-.lujlU ^ûijjJI ç-A <J.Lll(-u^LiJI 4 j mit I ^JjLjlÎI -ilj-tl ^--^ Ju ^^LÎI CjLall^aJll 



. ^ * àjj ^ _i j^^- ^JLc J-^ju ^j?cj>J I Bj^lL^ Cj 1 ^ 



C_a_1jLj1 J J ^^IjJâV àUjLûjJLl ^J-^jJI (J^â 4_Ù Jl*_4 4-l11^ (^^ic CjLû1^3lII ûJJb (^jIL>iJ 




.7 



4J 
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^j-iliVI (jl Jl^ j 4-jI VI (^Jlu-o^djI v Lfa*j ûj^u^=d £j^[ju4 A-tlaju ^j-^=u<al 4_j| ^jLjJLjj IjlA 
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: ^gjl jlll ^ylg. Cil fl^a t,l (J-jjua jj .1 




Cx = Ci+C2~^C3+ .... ~^C n 



jjJI ^JLl CjLiî^aJLl Jfi-ô jj .2 




1111 

— = — + — + — + 



1 



t 



c 1 c 2 c 3 



en 
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(il La JuJu>oa L-u-oJ S> i <<^tl ruîl CjIj LuLu^l^JI CjLûi^JLl ; Lui /va Jl^LJI 1 <i i 

£• -V »» * V »« » ****** ** 



<<<<<<<<< 



^cLa-tJ £jj*.jJI j^jJLl 3j*jI I Jljj ju^=2 \ jJu^l\ 4_La_2j ^L>o j^-tl/jJLl e_â^>ij| ûj^u^=d cJ£L^=JlI 



ô^^^lsjuj (JUaji a^lj) ^IjujVI a^^j 



lJiJLj < <ù^=3 t. 1 ^jLâ 4La jLLgJJ 3^.ljJâ ^ ta£ 1 ^jlj ^_JL_u lJ£L^3lJLI (j\ ^^^JLc (J^fi-i I JL^â 3j^_l^d àLajLLc LLL^cl 

** 



ÛUUI 



COIL 



. I (^jL-uj 4H_ajLL<3 ^j^^=3lj ^jl ^lo^Iuaj (^ulx (Jj-Laj c LLi-u VI jjfc La ( û\X\ 

Jl L^C î C.cicî ^jl J)j .^_iL_u cJliil ^jî ^Ll (J^-i IjLAj 1 ^ J^j la (j^J 4_*3 jLS-^ (_ylaJU cJJjJ A-JLl^ Cccu-J ^jj-ujJL 

.(Open)^> ^ ojo^j cillai j\ ^jjj ju jLp ^ 4. 
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( yîLààAjLu ) 



:aj>tiiJI3jjlJLH 



SW1 



=r V1 12.0 



F1 ! Default 
^=l 




♦» » ** w 

( Fuse ) ajUjJ] j^^c 
.( 50x50 ) Lre i^^ > ] 



^llLl>J I ^jJ-î( L7^~ -^La^I JU Jlj>o ^ j j- taJLÎl Bj^ljJLî 4j< LiAJuil jLuJI jL_cl4 Sj^l-i ^-<-ujl -1 
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.( clips ) .r.HÏill ^L^w i*J>Lu,V! ecii .5 

. ( J^-A ) jLS-ll (j-uLlJâ jl-^J>0 3j^l jJI Cj^Lu^ J^^iloJ .7 

.s j^ui J.^juj 4. yjjdl ûjb^i .8 



.^Luaij^t S^SIjJI 4. jUI ( I ) jLùJI .1 

( on ) j.a.j.-at âju 4_ ^-l^jli 4^Jo ^ ( VI ) jl^i .2 
(off ) VI 5JU ^-ji^c^i ( V2 ) jl^i .3 
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V=30V jjl^ii R=20£2 




v=30VjjLuai jL^.i^âjR=ioon 




V=20V ,ju^1! 













1 














2R 


rh 

$ 


2R 

) 
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SûjJuLÎl J (J . BjjLûJI cJàj^C t4^j-U 
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( ÙjiJ&i ! SiLH £fU*4 ) f Ijtfl £fU*4 (WâJ £Jj*> 



«♦ 

* 




( *bVl c<jlSjÎ Ja) f bVl jjjImu» 


j~<^> LulJI 




»» » 














a A^— 1 1| a ajI Stjj jl ^t|j , ^^-t| < U.h^j^jhL^ 1 










2 ,1^-. tl â ^sal 51,1 a jl ,"tl a , l^-wll 1 il , a .j ,,l / 










a <l^— 1 tl a ajI ^^tj jl T/ttj , t^^tt i \L A 1 
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f bVl £$LàA (»u2j £J>«j 



3 2 1 : 3JjL>Jtl : cjjJuII pâj 

4 

: 4_«}L*JI 

ùliL^jjJl p>c^a o-a /100 <J->L*j La : ^yic^l JL>J1 


d=LLJ! 


\ »»»» « 












^jLlUI jL^Ij <j>^sJI J-j-^-^ ~3 








cjLJI ijUj àli^î ijLxl -5 
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-cv'i rTfcp 1 1 1 1 ij ni II g -c^'i n 1 1 p 1 1 n 1 1 1 nn In 1 1 n 1 1 



3 



■ 






N&P 



4_a 



• Jt^l J^li-* J J ^ J( 1>*H JUjl I ^I c_jjjlll o ^^J cl)' 0 



8 : SJb^l j»U>ï tfjll 
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.(Crystal) s j^JL ( 



s* s* s* 



Valence électrons 




Co valent 
^ bonds 



b: 
M 



h 



1 
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jal^aaH CjLjP^J! (.m^I 300°K iâjJLtl Sjlj^. 4^jJ> Jl S j^LJI Sjlj^. ^UjjI JlJ^j . ^jiii 



W— ■ 




Ui — ^ 



\ 




Electron 




( n-type semiconductor ) n- û%d>a ^Uàl - 1 

^J-^ ^ <i frl-L^til ' La 4— jJL^C J^lC Jl-jIj Q ■ lj ^ j-j>^ jJ tiJLJj j 4_Lâl_xJs I 4-lL^ j-^a L-u-t-u J— 1^5 j-ll 
S^LII CjIjJ _i JljlJ LjL_ti_^a L^_i Jl_C (jj 3j^j>JI CjLjj^l^aJVl ^j-^a 4 j <a j j tàj 4_ûjL_oJI 4-JUjlJLÎ 4 yy*<^j 
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donor impurity ^U! 



jj y 




Free 
électron 



■vt L* * Jfr S l * • (+4) ■ 
/ • \ Penta- H • 



valent 
atom 





• (+4) • 



* (+4) • 



(•1 



: ( p- type semiconductor ) p- > û^^il dUâl -2 

^^Laj^>JI jî ^^aJLuuJI S^La <JI CjLjjP^JI 4j>Ij ^^JLc j^Vl Lfcjl JLc 4- l£>^ c-ulj-à iâL^i JlI^I 



Acceptor ^L^=JI c^l^L» ^ « ,«~ cil] jjj . ^Uj^J! jî jj^-J-" '"-.y 



U—U— w 





i y / 1 • 



• [+4| ■ 



• 1+31 • 



Unfilled^ 
bond iQi 




• 1+4) • 




• (+4} • 




• (+41 . 



fi 
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The p-n Junction Diode ( p-n ) àLî&Ji <JUj 

. 4_i_<-u L^zd <--xj| j-tliJ ^>*VI ^j>J| p ♦ 4^>oLa <—tj| J-loJ BjjJLJI 0jL& ^.Ij^Î Jl^ I p * t^> ^jjLôjJv 

o^jça^l lâjj !jiftjjngjjsjUI ( ^jJ3p ^ J^^l sjUù^ (Barrier) j^U^ 

n s jU! 4_ ii^LAJ! cj^U ^uJL£ jj^" Uljj (Holes) a\ p £jj s jLj 4_ jLiJ! cj^U ^uJLi 



Hole- 



J® © © © 

© © © © 
® © © © 



Barrier 
I 



© ® © @L 
© © © 
© © © 



électron 



p-type 



n-lype 



ùlà <uLtj (Depletion Région) <_âijji^Vt ui^i^ j^uji ^ jl^s, ùj^ 2 
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: Forward Bias^uVljLiùV! .1 

(Anode^î) u « , ,n ^ ùji ^Lil] p <-_JUJl jj^-j ^>L^ p-n Âiu» yi ^Lu jù^ 
M^j^ (Cathode jjjl^ 3 ) cy ^uu l ^jJl j^loUn ^UJtj âjj1UjUc_^^jii uUL^ 



p - lype 



n — type 



+ 
+ 



T 



Electrons 





4 



I h 



Electrons 
+■ 



Anode 



Cath ode 



V 
lll 



V I 



,-„!{] j c-ijiUelj iâllstJll ^LbtuUI (jî ^ (j^Jj (^jlÎI cjLbtAII g^j ÂJjLHI ^LJ ^ 



. I Jl^ ùjulxjl^ Jl>*jJL( 
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( P-Type) A jjjVl « Jua^o v_JLmJI 



Reverse Biasz-ttiolljLusjVI .2 



4_L>.ai UkUl 2 <-.i 0 -Ati e_i jl^j c_JLJI . .Usti /.là ( j9jL^=JI) nikâJ! ( .Ustu 

* * ** * ***** » c ** l » » » ^ 

ç-jLk J\ n 'â-l^jl\ cAjjp^jyi c_jju>oc_^.^Jll v Ustlj. àljJl^Vl iikia jrjliv J| 

JiJp dlîjLij ( diLbe.i."Jl (j^a ijJL>JI 4 âla-UD (-àljJTn-uVI 4-lla-La SjLj (^J>Jj Ll» (-àljJTn-uVI 4 âla-La 



"** *• 



CtU. 



. ÂJâVl o}UL*J! Lui n ^UJI 2_ cil dfltiJI ? 

*» ♦ » *» « 
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( wjUjLp ) 



:aj>tiiJI3jjlJLH 




J-u^s jj ciJ^L<-u I .1 

l^jZ-A C-J^â 1 10 S^L-oJ ^ \ y^A .2 

Jl^wI J L-£jb ^LuLc .3 

ciJ>L^Î oLiA^ .5 



Zla .6 



( Fuse ) 4jU*u j<j.^<s .8 
.( 50 x 50 ) dM ^^i -9 
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, ^lujl>J I ^jill (^^- -iL*j^( juju>o ç-a * j j / 1 1 Bj^IjJLÎ ^jliAZLÎI jLpJI jL_tju<3 ^-^jl .1 

.( clips ) cullSII >uaLc^u aJ^LuiVl cl^j .5 
.( j^f-^ ^jl ) jLSJlI ^j-uLi^ jL^j>o Sj^l jJI q^Lll^> j^p^ t .7 



.^Luaij^t S^SIjJI 4. jUI ( I ) jLûll .1 

.( on ) j.j.i.j.-Ji âju 4_ ^Lu^li 4^Jo ^ ( VI ) jl^i .2 
.(on ) jjlsûH âju 4. L> ^t 4^ ^ ( V2 ) jl^i .3 
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. (J-cc Â-Sj^Ls ^j-ûu\ :4(jo< 
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ÂJUI jJISi^l ÎUMhhaU ùLÙ}j!Sl\ Âujj S*^jjJ 

j^JlUI jLlDI jjljj ^/ïlSjuJI ^ïlLwLkliajLu 




♦ *» 




( *bVl CJ53Î Ja) rbVl tfjlui* 






»» » 


































































^ Il II II 
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4 3 2 1 : *JjL>JLl : ^jjQil 

: aU}UJI 

CjL>*jJlÎI /80 J-^Lsu La : ^-iVl JL>JI 




( ( eut 1 1 _i ûJj 

\ »»»» « 












^jLlUI jL^jj i-jj^UI Jjt ni! -3 








< îLiJl 4.11t. J 4_>L>J -5 






: oLtà^ti* 
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-cv'i rTfcp 1 1 1 1 ij ni II g -c^'i n 1 1 p 1 1 n 1 1 1 fin In 1 1 n 1 1 

fefeLUl jJ^aJj ftUiAÏl ^UbJt SjbV ) 



0 

»? 

j: 

3 



■ 




.i ^- — « < r<L-oVI jL^j^ j^j^io (j-c 3jLiVI c-jjjuJLl (jl 0 



6 : j»u>v j^>m û^ji 
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»» »» ** 



ù» .j^jJLI ^MjI ci^jj s^Ljj jW^' ^ (Breakdown Zener) jjjj jL^I 

(Zener Diode 




Reverse 
çhdractefistic 



4 mA 



Forwtrd 



charact«risbc 



02 



t i i 
0.7 
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■ jl^>ji c±JZi} ^jiir-fM.j : Zener Diode j-bj j^b -1 
LLil^3L^=> j^ijjj! ^^oiei^j-.Varactor Diode s^uull ***Jl cili ciljjjljJl -2 

: Tunnel Diode u ?y,\\ -3 

rJ ,uti iai^ 4 ^jiiei^u : Photo Diode ^^Jl ^IjJI -4 

tiiJjL^=j CjVL^MJ <->Lajl^a JL-uj)? jJL^»i= ^ Jlir" , „j : LED gjr^U ^LJI JjjIjlII "5 

objpJI JL»^ 4-<^>l jL^-i -^>^ citajpll JL»^ 4- f J^-" ' cjbjjljdl o- 4 jjlU £j>iî cilJLL<fc$ 

s.^yt^ ;,uA~-,tt s JjL ij| cjL^Lu L^jÎ^Laj 100GHz JIJ^j^pJI 
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: ^j^L^4âJ JU^^J -1 




4lLcjL2_^ ^g-xjuajj ^_co^3lc jLj_>ôI 4JL*. A_ jl^jJLI ^ j < cJJ jJ b 4-La-2iii 4_llluJLj LJL-u H 4_L2_2JJI Jl^j*. 
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■b^JL^^ u'"^ r jW»^ ùi^Hj .spiaJ! J o^>jt D3 J}U. <>« ^ 3 J^»J 

Jl ^jJil jl^i D2 . jLpol 2_ D2,D4 û j^ij^ SjLiV! <> ^liii « l^u i 2_ L»î 

^Dl,D3 U.^jVl J|D4 J>U 



: ( Ripple Factor) r >Lw 

^DC 

.£J^lît Jh^^ jailli Ju^Jl Ij^^i^jlUjj 

. J-<^>JI i>3jL2-^ ^3 ^jl jjJI ( JT lc < hH^=2 a ^1 jL?dL_ul ^j-^3ucj £^>JI SjLiJ A_ ^j_<^lJI J_JL2jJ j 



-H^ Vfeut 




(rlpplt voltue) 
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T 








jL%.jJ»! -j^s'»-^ 4_ÛJjJi3 



.(Diodes ) cjIjl^jli ^«mm u^j^ <Lui >^i^i ^Ijl^i^l dU^j 



-^-^ J^H 6^ bW^ ^j^ 3 -^ ^j'j^'i ^L^iij Jjl-^ J^>^ ^j-^l ^Ljj^JI jLlàJI oi 

.4-LrjLtJ Jl Cj\ Laj>JLl ^JuJûJ >L (.Midi dUi â 4 4»uI!lÎ| "à— S )âj 60 4_>JuJU 
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CuuÎlUI 




► 





:Jj^i]| iJLwj^ .1 



( JQJJSII ) -.ÂlaL^J! 0.^1 .2 



Jufcj .c-xj^jJLI ^>L>oVLj à±a[^=> 4j>*j-a 5JL>. jJLl ûJJb (j-c £jJ>o cUjuj .c-xj^jJLl <>L>oVLj 4_JL_oJI ^LxjJtl J c-x^jJLl 



4_t_t-u L<JL^3j .^jj_2jJI 4_JL^j^ 4-^jL>JI 4_j^ ^u_jLu ^ lr J—^JI ^jl jDJLj 5JLl^ j-IIj 
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S^kiiLlI ,>UÂLnU 4ULS2b-^« JL^-^j SjjU f Lu 

( Full wave rectified by bridge ) 









1 


oJ^â 12/220 (^Lij^^a (Jj^=-« 

•* 


1 


4 


1N4007 gjidlj^a 


2 


1 




3 


1 


100k 2 Al >j3^— 2 «jl ^ - 


4 




: bUiull ululai- 

IjJI j ( Multimeter ) ^ij^cVl jjuûXI ^LiSll jU^j lim... 4 i^LUXl oL^L^Jl .3 

.( Oscilloscope ) ^L^^tl 
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jl^^ji ^-Lll* ( volt / div )= 
^jJI ^-Lii^ ( time / div )= 
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jl^>ji ^tn* ( volt / div )= 
çkÀA ( time / div )= 
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-cv'i rTfcp 1 1 1 1 ij ni II g -c^'i n 1 1 p 1 1 n 1 1 1 nn In 1 1 n 1 1 



1 



I 





J 



1^ < ^ 



4 : SJb^J! j»U>V j^ill û^J! 
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j»UDI4àj (MOI! ûi>t^ 



( soldering ) t ^uui l4J>ju 



.i 



.( j>J< )i Lga-SJI ) ^L>J cilLoi .3 



u .4 
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^JJ_^3J JU_J_>0 L<_uL_u| L^jLé2_4 JuL^LJlJI ^J_^=3lJ | J | | JL& (J^J-^ J^-îl 4j>» Liiâ I Cj Lj J_^=3lIJ j • 1 



ciJJj j <L>* jJJ (jr LL_cJI ^ jp-LL^t 1 4_j^j_i 45 4_j j 4_^w jJJI ^JLc j Juu j LgaJuul ci.LLt-0 L-àjb .5 

^ Jl^JI ^UtdJt JuOaj .1 
.J^jlJI SjHâ <J1 jla ( Sj JlûJLj 5JL^a j-A ) 4jJs*L_<j aLscJJI 4jjL^3lj txl A'^Vi 



L&jl JuLc ijjlj jJjl^ji^ 4 4 >. jJJI ^la-^j 4wcL>J -iljJLl j LgaJutJl e_âj*ia ^j-a-dM^ <l^>o ijjl ^a 11 .4 



45 



j^jLgaJJL I j^Jul^-2JI l. cje-loI (^Jjp V (^t^ jJu>o ijjL^aJI Juul ^LssJJI C-LLi-u Juul .7 
.^LseJJI 4_ii^-C J-<iLâ 4_l.u-ll4 1^ Jujwpj Jj^ljlj ^LssJJI iia_2j (^^i^. lJi_u2_>iJI ^-aJJI .8 

.LaLcJ Js^wpJ ^UtJQI 4 La S I î A-iâL^D da-cî .10 

jSXI c^ljJoVl jJaâ .11 



.X jSm.a J^lUI o- 4 U^L^-j j»L*UI Â^Ls^ Jj^m," ( flux ) sj^L^Jll SjUI .13 
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> aSaû ^ jJ>«J 







f 


1 




1 


20 




2 






3 



****** 

.cilL-u J^=J ^jlm 12 JjI^j bjjui^ L_<_uL>ô L^JLu ( 20 ) _^JlC .2 

.J_*UJI ^ iJ^kil oL^iaji ^ ciJM^î ( 10 ) ^ .3 

.^^IciJ^Vl^^l^^j^ciJ^UuîC 10 ) ^ .4 

.(j^=JLu £_LLSj (J^= (jjlc ^UtJUI 4_JUx. îjul .5 

. 4-ljluA 1 ^LssJJI j^-Ju Ju£. ^LssJJI da-âLi J-<^tTn-ul .6 
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,J-^jtU Ij^aLv uj^'J ^iu-pKj ^j-La-Jl ciJjL-xj 4-^3lu-4jucI j J^LiJI jj ^JLc d^JL^I .2 

j^jt^aJj jj> \ ua-Sil L^LH (jt-^ ^LssJJI 4-La_2j (^j?e-cuILj I Jul .3 
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-cv'i rTfcp 1 1 1 1 ij ni II g -c^'i n 1 1 p 1 1 n 1 1 1 nn In 1 1 n 1 1 



.7> 




7 



«* 



Lg-Lu Jj^slJI 4_tiLj^3_9 ijjjuJI Ly l£. L^jjklJI b- 5 ^ MJ^' ùj^.' 



8 : SJb^l j»Utt pfcjttl tfjlf 
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«* 



triait Z4ifrt£p 

.^UiUULLU! .3 



0.1.2.3.4.5.6.7.8.9 

.(10) ^L.VL 

•.^lul^ 5416 ^jJi jiia 



■ 





6 




1 




4 




5 



: Cr^ L*^ 3 ^J-î' ù ^ 1 ^ liLP-î ^^d^J 



5416=6x1 + 1x10 + 4x100 + 5x1000 



(10) _i JlsJI û jJLj Lj j j 1 ^ 4 j-aj (J-^ 3 ( ; L$ ' 
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1101 ^Làii jj^Jt 

:^Jj 1 2 _i JulJI S j-ûj j-oj J-^d La^j 4 3j mi c 

1x2° + 0x2 1 + lx2 2 + lx2 3 



1 xl + 0x2 +1x4 +lx 8=13 



:53 JJuJI Mla 







2 (JT ic ^JljlJI 4<}i^ 


1 


26 


53 


0 


13 


26 


1 


6 


13 


0 


3 


6 


1 


1 


3 


1 


0 


1 



53 jjuJI ^L^=lj ^jJ! 101011 
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, C \ l! A-l Un / il 








0 


0 


1 


1 


2 


2 


3 


3 


4 


4 


J 


J # 


6 


6 


7 


7 


8 


8 


9 


9 


11 


A 


12 


B 


13 


C 


14 


D 


15 


E 


16 


F 



7B9C= 7xl6 3 + Bxl6 2 +9xl6 1 +Cxl6° 



7B9C= 7xl6 3 + llxl6 2 +9xl6 1 +12x16°= 31644 (l^) 
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i/Jsl^û (L><im) 31644 jjuJI Jl!u < 16 ^ « m,â'i ig>àc. c-uJI ^jJlaJI <>» J^eiU 

1 »» »» 









16 (JT 1^. -iJutJI 4%/^ 










C 


12 


1977 


31644 


9 


9 


123 


1977 


B 


11 


7 


123 


7 


7 


0 


7 



7B9C = (^j MiT Cllu) 4 Q f rf^tl (j^Li ^><^ (J-A TCjLUl QJ^J^ 
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2uUl aJISjb-jJI lÎLutyLMi'LJ ÛLÙjj^JI Âajj ^mU^j 



.^\J!U1 ^U^lll ^1 ^iutJI ^U^U! ^ 145 ^^Jl J^^L. ^ .1 

^j^lJI r UiUt Jl^LàJi 1001 ^jji jj^^ .2 



.^j-à^Jl ^UâiJI l£>^ e^JI ^U^l ^ 1BB ^ jJI Jj^j ^ .3 
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rtJUl -■''** '-j" ÎUMhhaU ûLÛj>ÙI Âujj S*^jjJ 




( 3jlJ^J ! 3aLH i£±LàA ) f bVl ^Ittbt 



â tl-w "5 j , à",;7>"} ^\ , ,.a A a\ (y} 2 • i i<l t\j / ^jj^_,,*i t,| j ,^>h,t| ^ a j «^.'^ ,t.i 
























â . V l.tl à ^tX",S*l â*5lj. A 1 








































A«N pl t^ïtl Jl ^1 *r,tl pl fcîtl ^ Ji^UI .5 




















t^Mir (-<-..îl -»Ui«JI J\ ^jThiÏÏ »UôiJI <>a JjjsfciJI .7 












4j « Jo^ii] îLlâ^ l^î JÎ er^> ù^l ^ J\ Sj^ûdl J^uJI J^* ôî <^>o 

^ il h h 

? , L'_'.l^-> a \,sjt i^lc <-'.jj*C<JI ? >Lcl ^_'-?e_Lâ LuJ_>- jl V 1_2J ! % ^JL>- 
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4 3 2 1 : UjUJt! : ^jjOil 

: ^>UJI 
















<£> *MI »UôiJI ^ <_âjjû .3 












^LàJI f 1 h ; tl J ! A, tl 0 1 ; Il ^ .6 
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4_0 Cl*. <_oJI A U y*JI 4 \ o jl 

-cv'i rTfcp 1 1 1 1 ij n 1 1 1 g -cv'i n 1 1 p 1 1 n 1 1 1 nn I n 1 1 n TpH 




FET JL*i ! jjuD j>û-^Jt Pi B JT ^tukâJl ^LÛ j^u^j! p ! 



FEX (JL^iJLl j^pû jjIu-uj^jIjJjj 4j1 ûju Laj j BJX 4-Lila-SJI jjIIx^j^IjILÎI ^j^ajl t^>> 4_<_ulj_i 



FEXjji^jJl^iîl ^l^î ^JL^i ^«U'<{ \ >ajj|j vj^^nt 

^JJ J^ 1 - t J-AaJI 4-2j^Io 



^ La. 



.4 ? uj)Oiu jj^ai û^ji 
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B JT ÎLukâJI ^jLu j>u->»I>JI 

Bipolar Junction Transistor 



(Unipolar- Junction Transistor ) UJT ^1 ^jUî jji^jil >s - 1 

BJX iJL^jJI ^5LtJ JjIL-uj^jlj^ ~2 

(Field Effect Transistor) FET JUJ.I j-ub jjwpl j3 -3 



n-type 



p-type 

n-type 




1 

Emitter ^ 



Collecter 



p-type 
n-type 
p-type 



v 

■ç 




Collecter 



r 



I 



s 



Emitter 



SI0 2 



n-type 
p-type 
n-type 



X î 1 



+ r 













I 




+ 



Collecter 



12 -1 
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^Loi^Vl jLpJI J^'j- (>» JL: ^kia^j • Emitter .» cL -2 

^ 2zu;\ \ J^j^LJI^ J^î jLp j^j^j ^kic^j - Collector^^t^ -3 

Jl^Iaj jjI^jJ[pJI J <;r ijt-ulo ^jLâ 4_JLi j (pHp) j^^l J (lipil) B JT jjILt^jJ[pJI ^jLc Ji>. jjj 



ij\-^=3 (il ! 
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I jjjIjJI .1 

(p) jtfn ^kui ji (n) 



«* »» 

j^=Vl *>>Jlj cd£.[2S\ 4-<^l>*^t ^3 JLaiHJ ilAjgP^jjyi tfju* IjL^ J-Jïl ijs>. jCUj O-p. 

Ie = Ib + le 

^LJ! jLû I E : d-o. 



: (Beta) p jLUl J^Lla - 1 



(3= I c /Ib 
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hpg j^ajJL J-^mi I juJ j^j^ j^LLMj^[yi\ diLLu cjL>wjJ . 10000 ^jJI (3 L^_Lâ J-i-^j 



a = I C /I E 

. 0.995 0.90 iA*. a ^j^s d 



tCommon Base ItëjLâil 3^*0)1 -1 




t Output Characters çjàù I jaâL^ - i 

I E Ji^l jUU ï2j13 ^ jLuj Vcb ùh> J^i c^J 

Active Région il Lui] ! asUîti • 
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Cutoff Région -ustt 2 au-. 



Saturation Région , ,,Vrti ui*i 



$4|i.3TJiLl<>n 



-40 



-Active rrginn. 




r 



—h- 

J £ = 40mA 



3U 



tfF 



H" 



- 



r-y — : 



Ul l£5 D -2 -4 a -S 

Callector-ta-has* vaLLupe drap V,..p , V 



3 JlcLûJ! (jJ^ruTu-O jjp-uij^ Ija] ^^>J! ^ajl lû> ^JLstJLo 

: Active Région iJU^JI ukiXI 

j-^I jLû ^ V CB jî^ ùî U^= ^LJI jLu 2j>L>j jljjj £«^1 jLu jî er^' <> 

Ijl^ I c 

: Cutoff Région ^kill 



i_jJI jLu jLujlj Iç ^_<^>iJLl jLp j . L* i o^=3lc SjL?eJL<3 (^^>JI Bj^jI^) 3 jlc1_2JI ^^j>JLl 

. Off Switch çJ*à £-LLU^= SsUîtl 



: Saturation Région 

On Switch J^> j ^-Llu^ 4JUJI 
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s 

7 

6h 
5 
4h 



j/- {mAi 



r 

û 




■-u. — i — i i L^y\ i 


■ i i i . -h 


o.: 0.4 o.û 


0,8 KO 



ô JlcLûJI (JIjjluxa jj)"t i (J^jJl (_yjbeJba 

Vcb 4.0]^] ^ JJ^ Ie J^^' jLuj Veb J^^' ^I]^ £â}UJI J!uj ^Lu 

vi^cLJI jLu jIjJ^ Ujuuj j^.L>JI jl^.^ V eb J^jlJI < t ^q J\ Ij^l^ I E ^LJI jLp 

• ^EB ^— 1 >P J^-C. IE ^cLJI jLj û _i L V^CB jLp>ôl 4_pJ ^2 S^Lj^j 



: Common Emitter J juàjl ûaLû\ j*âLa£ 



1 


i 










"I 



; 


} 


i n 




■ 




fi Ch 



«.t 
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1 



-40 



- 3U 




-3 -4 - 5 -S Kl 



100 
90 
PO 
70 
60 
50 
40 
30 
30 
LO 




St r t 10 V 
Itf = 20 v 



r 1 1 i M l 



0.2 0,1 0.6 Û.fi 1,0 



JI^cLlÎI cii^j-tlIijQ jjp-uij^ Ijaj (JS- jJI ^ajl t^>. ^-LstJLo 



VCEjrj^ 1 ' jic Ib Jà>oJI jLjjj Vbe J^JJ' ù^> Âà>L*JI JÎUj ^Ljj 
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{ Common Collector d >àil j^d I j^La?- -2 



J 




p 


J 


t 




t 



V 



1 

/ 


F 

? 


fi 


I 


t 





^_4j>J»! (jJ^ruTu-O jjyLuijJ I^J ûp! _} 



^j-^jLl^^ (J^L^-i LiîpLiJLl ^qj^qJJ JiwjJlj ^jJkJI ^j-^jL-^iw Jà^^Lj^ 





I B SJl^UJI jLu Cjjjj Juki I E CxLJI jLuj V E C C^cLJI JL^ (J^j aIMc 

VgC ^j>JLl cL-cLlII Cj j_u JlLc Ig SJlcLûJI jLuj Vgç £_^>JJ SJlcLûJI Jl^>. (jru Ajà^Lc 
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L%JL> 

^jJI 3j*j| jJI ^j^xjlUJ . JiwjJI 3jLil {j-A J t ^--1 1 jl JuL<3 Cj|j ?TJ^ 3jLî)J ^JLc J J f^^Jl ^yUU jjj^ltl £)| 1 <\ ^--i 



• Lh-^=^ ^:>>J( jLpôlj LpaLal JS-JlÎI jLp^l o3^i 



- 10K 




Jï,= 1Û0K 

— If— 



|> JL=5K 




9 

11 



J- 



4_ LjLu «j^jdl cjIjLo-VI ji-ï ^Li ^L^^ ^Lîl j s j^LJI ^Jl 

LJLs 
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*» V *» _y ♦» ♦ » -V V » V « \ 



pnp ^ ^ jjl-j^l ù£>W^ 4. S.^à eJL^ !i! 



4jlj 
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Transistor Characteristics 



p-n-p jî n-p-n ^LUI jJtl 3^L* ^ o>L^ j ajMj <>* jj^j^' v^j^ 



.oLoî J^zlAJI 4_ U^= pnp £jj jjl^jil ^1 ^-i a ^ pr; Lalx o 1 ^^^ 1 Ù^= 'Mi n P n 




J_^u UUJ1 *j_^> 2_ jj^Jh!^' ùl-à Lu" (V CB ) jLpôlj L»U (V EB )(>JlJI jLpo! 
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Filed Effect Transistor JLttl^ûD j>u#Lh 

j £>i fj\c j^ùju 4jV ciiîjj Unipolar device ^k^Jl çp^î j ^ s jL^ FET ^ 



( _ 3 _<fcj Cil *o mi 11 <j-tc j-i (^^-l^- Jl-sjju (_£ j_îl 1j.IT â (^LJj jj" i nj-iljZLll ^yC ' à l"'*-^ • (_y51 jj j^— 



. (Junction FET) JFET a^yi jj juai jJs'g - 1 

IGFET jî MOSFET Uj^Jtl ôl^JI jj JUJtl j^i^l ^ -2 



: JFET j i Jl*i ! jjuD j>û#! >i 




JFET 

.(n 
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^ c-^a a» sjL« d^L^= I jjj ( N Channel) N sL_l^ji ^ juai j-ub jp^jjlpil u , ^ 

(channel 



: Source (S)j^ai -1 

n SLL2JI 4_ cjUj;"^-.!! ) i-^JULÎI i^AJI o>UU. ^ Ji^jû ^jJ! <_^^_^î! câjJa ^ 

. BJT 4-u_L_sJI 
: Drain (D) c^ai -2 

: Gâte (G) âJ^JI -3 

BJT 




JjLJ! J^i AtL p sLL^Jt ^JLi Jju jtjUJJj n sLâII <jî ^ Jju JiJjdJ ^ 
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L_â j ^ ti <^ j ut ^jjLil jl^>ji j At ^y c-Jl m< îl <^ jiailj ^-u-U <-à jis j-x-^ jjj N 3L& JFET <jî 




j^Wjj VDS jl^I j|j ID jUUI c-ju jJ! )VP ^Ui^VI jl^x o' <-k-^}L; 

VGS J jlj 1 ol^i J_2j (I Jl^ JLc jLu j^j LfcjLi^: iLx^> jJI jL^jI J JM J^l ^jî JM CjLqII 

ID < âjuLgai>l }Lu , yb-àie I > tiJLîjL^s^ c-JL-oJI 



L9S- 
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( 3jlJ^J ! Sib-I |^^bÉ( ) f \Ût ! (£>Utt4 ftUâJ £Jj*> 



a tl 2 j / a" ;^"f \ t( ^| \V| (j; < n a A f Ca/^ * r • <>»j w^l t\j / ^JJ^ 1 * 1 M J '♦tt ^ j ^ , t# * 




( *bVl cJSJÎ Ja) f bVl ^jluix» 




** 


s* 

1 V ^ 

»» * 


AI 
































































3 k lcL<-'jL4J L^L^t ^ A ft^LtojJI <-'.Jj*C<JI ? >Lcl <_ LuJ_>- jl V a_^j 1_2J ! £ aJL>- 
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^ — 8 














4 3 


CjL>*jJlÎI Z80 J-^Lju La : (^J-iVl JL>JI 












»» »» » * »» 




^jLlUI jL^Ij i^sclïl J-ii-tij .3 








cjLJI ijUj illt^î ijLxl .5 
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-cv'i rTfcp 1 1 1 1 ij ni II g -c^'i n 1 1 p 1 1 n 1 1 1 fin In 1 1 n 1 1 

g4tm jJ^JsUj (Q£*idîJ 1 3> I 





4 : SJL^-jJt j»U>? jà>m 
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» j Lti^U j^-j-^auc j ( on — off ) ^LlL^-^d 4_^l jl?cIL<-uI (^-A j jp-t-u^j ( j^iU 1 ^L^-ll <jt 

ijVj LED ^j)i>> W Jl^jJLI j^j^j V jL.UI <jLâ off iJU 4- jj^j^b^l ùj L^JLi^ 4J| 



TP10 



o 
— > 



P1 100.0k 



R1 470.0 



T1 BD137 



TP20- 









1 


BD173 j^\j2 


i 


1 


1 00 K Sj^jjlLc 4_4jL2_4 


2 


1 


470 ïiiii^jii. 


3 


1 


LED ^5 j-u^> jl>* 


4 
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jl "z^Vl 2^jt^<^ juL^LulJIj CjljJ^=3 U ^jL^ .1 



( Multimeter ) j^Vl _>ji*itl ^Lail jL^j Lu.Cl^ ^^jli oL^LUl j^l .4 



tûULuiJI 







SJlcLûJI Jl^->. 


LED juxjJil 








Off 








on 
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10vDC O 



inpoto- 



Ov 0- 



R2 120.0k 



C2 100.0u 



R3 20.0 



R1 4.0k 



C1 100.0u 



T1 BC109 



R4 360.0 



O outpot 







(» 


1 


BC109j^^ 


1 


2 


100|uF. ^« 


2 


1 


360 âjjIj i^jLs^s 


3 


1 


20K ^ i^u* 


4 


1 


120K jùjIS ^Li^ 


5 


1 


4K aILjLj 4-4jL2_4 


6 
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jl "z^Vl 2^jt^<^ juL^LulJIj CjljJ^=3 U ^jL^ .1 



^IjJIj ( Multi meter ) «>lj_c.Vi jjuoil 

.( Oscilloscope ) ^Lj^Jl 



j^>ji ^Lll« ( volt / div )= 
£y»yi\ çkÀA ( time / div )= 
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o*»ji ^liÂA ( volt / div )= 
(j-ajJI ^LiA* ( time / div )= 
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-cv'i rTfcp 1 1 1 1 ij ni II g -c^'i n 1 1 p 1 1 n 1 1 1 nn In 1 1 n 1 1 




ÎLUlV-VItàliAVl 



. CT i5tltl ^-uj (JT 1^. 'j-^ ^jJuJLi ùj^J <jî 0 
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3>àU)13J^>!l 




Touch-controlled Switch 



. ^ 1 " ^ ^ » 




FET j^^t>ut 

jji^jil^l 0$==^ <lA^J) OFF 4- o$==^ TR7 jjiuijjlpJl cr^Lij TR7 jji^jJi^ui 
4.j (J_*~ ^^jlo jl^ Jl ^ P-N-P t y cy» TR8) OFF ^ 4. L^î TR8 

. OFF J^u V LED ^cLJ! ^LoJl iiUJl *±* 

jl^ (TR7, TR8 , LED ) «>* OFF j| FET j^Jh' >tf! ^ 



.ONj^t 
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f hVl ££àUA (^UâJ 



(V) 



♦♦4J -*i 



Ld^= 
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/ 


/ 




3 2 l 


: ÂJjUdl 








4 




2L*>s>\ 20 * ^ « £ < S 








: ^>UJI 




CjUwjjJI ^j-a /80 J-^Lju La : Jl^JI 






CjL>*jJlÎI £><^3 ZlOO Jj>Laj La : (^JLcVl Ju>Jl 






\ »»»» ♦ 






^Lâ JuM - 1 
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1 a^u^ij^idujijîu%jiûifi^i .1 

10 ^jUilji^ljjLÛtlI^LâS^Î .2 

25 ûUjLm ^ %J$I*ll>u*tdl jLUI jJljJ .3 

43 ^aoLull^Iji .4 

56 I^LLukjjûlJb^l .5 

67 jkbdJIdàita^lûljl^ .6 

75 IbjJutfllUàft! .7 

84 j>û#!jU! .8 

103 ^Uj j^>j|>JI .9 

110 jmi^Dj^pLP 10 
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